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2) Toolkit genes that encode proteins that direct the expression of
differentiation genes during development by activating and repressing
their expression in a spatio-temporal manner.

The Earth is populated with a rich diversity of animal species, each with a
myriad of morphological traits distributed along its body plan. We want to
understand the genetic and molecular bases as to how these body plan
traits are produced and evolve.
A

B

C

D

dati

Arrowheads point to
tergite regions where
pigmentation is notably
reduced.

(A) The dorsal abdomens of
fruit flies are covered by cuticle
plates, called tergites that
exhibit diverse patterns of
pigmentation.
This includes the sexually
monomorphic pattern of
D. willistoni, and dimorphic
patterns that evolved
convergently between
D. funebris and
D. melanogaster. The number
of pigmented tergites differs
for D. baimaii and
D. prostipennis males.
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-Within these toolkit genes are transcription factor genes that control
gene expression by binding to cis-regulatory elements (CREs) to
activate or repress gene expression.

Pigmentation diversity and the underlying
genetic network

How does development and thereby traits evolve?

For 12 transcription
factor genes pigmentation
was reduced in progeny
expressing the inhibitory
RNA transgene.

Transcription factor genes whose RNAi-mediated
suppression results in ectopic pigmentation
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For 11 transcription
factor genes pigmentation
occurred ectopically in
progeny expressing an
inhibitory RNA transgene.

nvy

Arrowheads point to tergite
regions with noteworthy
ectopic pigmentation.
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One dimorphic trait is the abdomen pigmentation of D. melanogaster fruit
flies that results from the spatial and sex-specific expression of numerous
enzymes, notably those encoded by the yellow, tan, and ebony genes.
We want to understand the
network of transcriptional
regulators that govern the activity
of cis-regulatory elements that
direct the spatial and sex-specific
patterns of enzyme expression.
Here we present our current
progress in defining the
transcription factor
genes that comprise this species
pigmentation network, and
assessing whether evolutionary
changes to these loci have
contributed to pigmentation
diversity.

(A) The conditional domain of
GAL4 expression.
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(B) Crossing scheme and
anticipated outcomes for the
conditional expression of RNAi
transgenes specific for
regulatory loci.
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(C) Summary for the
phenotypic screening of
inhibitory RNA transgenes
targeting 558 unique
transcription factor genes.
(D and E)Abd-A expression was
suppressed by an inhibitory RNA
transgene. Arrowheads indicate the
reduced dorsal-medial expression of
Abd-A in a specimen expressing an
RNAi transgene that targets Abd-A.
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Arrowheads indicate
regions where
transgene expression
was reduced or
gained.
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An RNAi-based screen to identify novel network
transcription factor genes

A5

CRE driven expression
patterns for a GFP
reporter transgene
in genetic backgrounds where the
expression of Class I
transcription factor
genes was
suppressed by
dorsal-medial
expression of an
RNAi transgene.
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Two noteworthy outcomes were the implication of the Hox gene Abd-A
as playing a comparable regulatory function to Abd-B to promote
pigmentation formation, and that these factors generally regulated both
tan and ebony though in opposing manners.

Future Directions
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Locate the binding sites for the toolkit genes
within the CREs controlling the expression of
the pigmentation enzymes.

Fig. 7. Experimental framework to map the positions of
transcription factor binding sites in CRES through scanning
mutagenesis. (A-E) Schematics of CREs controlling GFP gene
expression, including scanning mutant versions where
sequence is alteredat contiguous base pairs (red squares and
letters). (A’-E’) GFP expression at Stage 1 and (A’’-E’’) Stage 2. (B)
Scanning mutation in region with no binding site would leave
(B’,B’’) CRE activity unaltered. (C) Scanning mutation in a region
with a bind ing site for a repressor would lead (C’,C’’) to ectopic
CRE activity. (D) Scanning mutation in region with a binding
site for an activator would lead (D’,D’’) to lost CRE activity. (E)
Scanning mutation in region with a binding site for a temporal
regulator would lead to (E’,E’’) to CRE activity at a different
stage.

Much of this work has been published: Rogers WA, Grover S, Stringer SJ,
Parks J, Rebeiz M, and Williams TM. (2014) A survey of the trans-regulatory
landscape for Drosophila melanogaster abdominal pigmentation. Developmental Biology. 385: 417-432.
JR was supported by the Biology Department and the Honors Program at
the University of Dayton.
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Fig. 6. Experimental framework to connect transcription factors to the regulation of pigmentation enzyme
CREs. Here a CRE controls the spatial and temporal expression of the GFP gene in the A5 and A6 (spatial) abdomen
segments at Stage 2 (temporal). RNA-i will reduce the expression of a transcription factor gene in the midline region
of the abdomen (shown as black line). Reduction of a transcription factor’s expression can cause various outcomes;
no effect on GFP expression (Class I), ectopic expression (Class II), lost expression (Class III), or a temporal shift in
expression (Class IV).

Acknowledgements

sbb

A4

ebony CRE- GFP

Gug

A4

D

osa

A3

Genetic interaction between pigmentationpromoting transcription factors and network cisregulatory elements
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(B) 2013 understanding of the D. melanogaster abdominal
pigmentation network. Direct regulatory interactions between
transcription factors and target gene cis-regulatory elements are
represented as solid lines.

pnr-GAL4/UAS- TF-RNAi

B

A’

Future Directions

ebony

tan

yellow

CG43163

Pigmentation Genes

A

ebony CRE- GFP

Patterning Genes

B

MED27

Sexually dimorphic traits are near ubiquitous in nature. These traits tend to
evolve rapidly and therefore make convenient case studies for
morphological evolution.

Arrowheads indicate
dorsal-medial regions
where expression was
reduced or gained.
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Resolve which of the toolkit genes regulate the activity of CREs controlling
the expression of the pigmentation enzyme genes.
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CRE driven expression
patterns for a GFP
reporter transgene in
genetic backgrounds
where the expression
of Class II transcription
factor genes were
suppressed by dorsalmedial expression of
an RNAi transgene.
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1) Differentiation genes
that encode proteins whose
activity are responsible for
the formation of the
physical properties of
different cells/tissues/organs.
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Two classes of genes expressed during the development of
morphological traits:

Genetic interaction between pigmentationsuppressing transcription factors and network
cis-regulatory elements
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Metazoan animal morphological traits result from the combined inputs of hundreds or more genes that comprise gene
regulatory networks (GRNs). Each GRN utilizes various genes
from the genetic toolkit of transcription factor and signaling
pathway genes to control complex patterns of gene expression.
However, for few traits, if any, has the full repertoire of toolkit
genes been characterized for its GRN. Thus, how traits are built
by regulated gene expression remains poorly understood. For
my thesis, I am investigating the genetic toolkit that makes a
male-specific pigmentation for the fruit fly species Drosophila
melanogaster. Using RNA-interference, I will reduce the expression of ~588 transcription factor and ~21 signaling pathway
genes to find those necessary for this trait by surveying for deviant pigmentation phenotypes. The results will provide a greater
understanding of how a GRN is able to direct the formation of a
well-formed trait.

Transcription factor genes whose RNAi-mediated
suppression results in reduced pigmentation
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How are morphological traits made?
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Abstract

Two noteworthy outcomes were the implication of the Hox gene Abd-A
as playing a comparable regulatory function to Abd-B to promote
pigmentation formation, and that these factors generally regulated both
tan and ebony though in opposing manners.
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